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R36Perceptually Guided Action: A Step
in the Right Direction
To walk to a target you need to know where it is. A recent study provides
new insight into how the brain ensures you don’t head off in the wrong
direction.Simon K. Rushton
Before you stride over to talk to
your friend, or turn and chase
a thief, your brain must first figure
out the direction of the person
relative to your feet; only then can
you ensure that you set off in the
right direction. The position of the
image of the person on the retina
indicates where the person is
relative to your eye. Between your
eyes and your feet are a number
of movable body parts. Therefore
your brain must do a series of
‘coordinate transforms’ to get
from position on the retina to
direction relative to the feet. Each
time your brain does a coordinate
transform it relies on an accurate
estimate of the relative position
of two body parts. For example,
to go from retinal position to
head-relative direction, your brain
needs to know the orientation of
the eyes in the head. If your brain
uses an inaccurate estimate of
eye orientation, you’ll walk off in
the wrong direction [1]. A
study published recently in
Current Biology by Bruggeman
et al. [2] tells us what visualinformation the brain may use to
keep perception of direction
accurate.
Many of the relative-position
signals are prone to drift. For
example, in a dark room, if you
simply look off towards an
object at approximately 40
from the head for a period of
60 seconds, you will
subsequently mis-estimate
the direction that corresponds to
straight in front of your head by
approximately 4 [3].
Held and Freedman [4] were
the first to suggest that your brain
could use motion information to
maintain accurate calibration. As
you walk forward the visual image
on the retina undergoes radial
motion — vectors connecting the
images of different points in the
real world at any two times while
you are walking form a radial
‘flow’ pattern (Figure 1A). If
you keep your eye and head
stationary, the centre of
the radial pattern will be
straight-ahead of your body
[5]. Therefore any discrepancy
between the position of the centre
of the radial flow field and yourestimate of straight-ahead of
your trunk indicates an error. Held
and Freedman [4] hypothesised
that the brain uses the
discrepancy between the
anticipated radial flow pattern,
and the flow pattern that results
from self-movement, to drive
recalibration. They tested this
hypothesis by asking observers
to walk whilst wearing prism
glasses. Prisms rotate the visual
world relative to your eye
and therefore add an error to
the eye-orientation signal. This
error can be demonstrated by
asking observers to indicate
a point that is straight-ahead.
Observers will make an error
that is proportional to the
angular displacement of
the prisms. Held and Freedman
[4] measured perceived
straight-ahead immediately
after donning the glasses, and
then again after a period of
time walking; they found
the error in perceived
straight-ahead was reduced
after walking.
The work of Held and
Freedman [4] was based on the
assumption that the radial flow
field is the important source of
visual information. Rock [6]
queried this. He noted that
the movement of a single
target object provides a
good potential source of
information: If an object is
straight-ahead of you, it willCBA D
Current Biology
Figure 1. Visual cues to the direction of movement and straight-ahead.
(A) The radial flow field that results from forward movement. Note the centre of the radial pattern coincides with the mid-line of the
trunk. (B–D) Other visual cues to the direction of the mid-line. Upper ovals depict initial view, lower ovals depict view after movement.
In (B) the drift of the target indicates it is not directly ahead [6]. In (C) the change in relative position of the red target object relative to
the two background objects indicates that it is not straight-ahead [8]. In (D) the unsymmetrical change in shape of the large object
indicates that it is not straight-ahead [9].
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R37remain straight-ahead when you
walk forward. In contrast, if
the object is not straight-ahead
of you, its direction will change
or drift on each step
(Figure 1B). Rock [6]
suggested that observers
may use drift as a cue to
straight-ahead.
The new Bruggeman et al. [2]
study provides insight into the
visual information that drives
adaptation (see also [7]). In their
experiment, they injected an
error into the eye–foot
transformation whilst observers
walked through a visual
environment. They looked at
what happens to observer
trajectories in two different
visual environments. In the first
environment, only a single target
line was visible to the observer.
In the second, the observer was
inside a room ‘wallpapered’ with
a rich texture and filled with
columns. Therefore, in the first
environment only Rock’s [6]
drift information was available; in
the second, drift information
plus Gibson’s radial flow
information were available. The
authors found that adaptation
did occur with a single target
line, in agreement with Rock [6];
but the adaptation was faster
and more complete in the
second richer environment,
in-line with Held and
Freedman [4].
So, can we say that the radial
flow field was responsible for the
difference? Possibly not, because
the presence of radial flow was
not the only difference between
the two environments. Let us
consider what other cues were
present. If you are walking straight
towards a stationary target then
other stationary objects that
appear to the left of the target will
remain on the left, and objects on
the right will remain on the right.
If you are not walking directly
towards the target then the
relative position of objects may
change [8] (Figure 1C).
Additionally, if you are walking
directly towards a sizeable object,
then it will expand symmetrically
as you approach. If you are
walking to one side then the
object will not expand
symmetrically (Figure 1D).Therefore, perspective change
can also provide an important
cue [9]. Both of these cues
have been previously shown to
have an important role in the
judgement of direction of forward
movement [8,9]. The Bruggeman
et al. [2] study provides a
motivation for further research to
tease the influences of these
cues apart.
As already noted, between
the eye and the foot there is
a sequence of coordinate
transformations. As readers of
the Bruggeman et al. [2] paper
will discover, an error was
injected somewhere into this
sequence. The perceptuo-motor
system of the brains of the
observers did not known where
the error was injected. All it had
access to was a perceptual error
signal. So where would we
expect the adaptation to occur?
We can consider the problem
by thinking about likelihoods.
Each signal that is used in the
eye–foot transformation
has an associated variable error.
All things being equal, a given
transformation error is more
likely to be due to a signal with
a high variable error than one
with a low variable error.
Secondly, given two signals
with the same variable error,
an error in the eye–foot
transformation is more likely to
come from the one that is later
(closer to the foot) in the
transformation than one that is
earlier (consider the relative
likelihood the error would
already have been detected
and adapted to).
Bruggeman et al. [2] were only
able to track one body part and
they did not perform standard
tests to identify the site of
adaptation, so we are unable to
pin-point the site of adaptation in
their study. They present their
own view on this matter; whether
they are correct remains to be
determined. A considerable body
of previous work [6,10–12] has
attempted to identify the locus of
adaptation and the circumstances
that favour one site over another.
No consensus has emerged
so far.
There has been a very dramatic
drop off in the amount of researchon adaptation to spatial errors
since the 1960s. Just three
researchers, Bedford [12], and
Redding and Wallace [10] have
been responsible for most of
the empirical and theoretical
advances in recent years. An
understanding of adaptation to
spatial errors is central to an
understanding of perception.
Hopefully the study by
Bruggeman et al. [2] will
encourage a re-engagement with
this topic and the seminal
research work conducted by
an earlier generation of
researchers.
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